To date, there have been few studies on how temperature affects the phenotype and 21 metabolism of human chondrocytes. Thus, the purpose of this study was to elucidate the 22 effects of culture temperature on chondrocyte redifferentiation and extracellular matrix 23 (ECM) formation using dedifferentiated mature human chondrocytes in vitro. 24 Dedifferentiated chondrocytes were cultured in a pellet culture system for up to 21 days. The 25 pellets were randomly divided into three groups with different culture temperature (32°C, 26 37°C, and 41°C). Chondrocyte redifferentiation and ECM formation were evaluated by wet 27 weight, messenger ribonucleic acid (mRNA), histological, and biochemical analyses. The 28 results showed that the wet weight and the mRNA expressions of collagen type II A1 and 29 cartilage oligomeric matrix protein at 37°C were higher than the corresponding values at 30 32°C. The histological and biochemical analyses revealed that the syntheses of type II 31 collagen and proteoglycan were promoted at 37°C compared to those at 32°C, whereas they 32 were considerably inhibited at 41°C. In conclusion, the results obtained herein indicated that 33 temperature affects chondrocyte redifferentiation and ECM formation, and modulation of 34 temperature might thus represent an advantageous means to regulate the phenotype and 35 biosynthetic activity of chondrocytes. 36 37 38 39 42 chondrocytes. Recently, tissue engineering and cell-based therapies have been explored for 43 AC regeneration, 1 since AC displays a limited capacity for renewal and self-repair. 2 44
Introduction
Articular cartilage (AC) is a hyaline cartilage composed of a dense cartilaginous 41 extracellular matrix (ECM) with sparse distribution of highly specialized cells called significance for the donor A experiments was determined using the paired t-test for the 139 semi-quantitative evaluation of type II collagen, or by one-way analysis of variance using the 
Results

146
The results from donors A and B showed similar trends. Therefore, only the results from 147 donor A are described below, whereas the results from donor B, which were used to confirm 148 the reproducibility of the findings from donor A, are described in Supplementary Fig. 1 .
150
Wet weight measuring 151 Representative pellets generated at the three different temperatures are shown in Fig. 1(a) .
152
The pellets generated at 32°C and 37°C showed a ball-like shape, whereas that at 41°C 153 showed a disc-like shape. Fig. 1(b) shows the wet weight changes over time. Although the 154 wet weight was heavier at 32°C than at the other temperatures on day 3, the heaviest pellets 155 were those cultured in 37°C obtained on days 14 and 21. On the other hand, at 41°C, the wet 156 weight was significantly lighter than at the other temperature, and did not change over time. shown. These genes were up-regulated from days 3 to 7 at 32°C and 37°C, but not at 41°C.
350
COL2A1 and COMP at 37°C were significantly higher than at 32°C on days 3 and 7. There 
371
Representative images of the surface and cut surface of the generated pellets on day 21 372 are shown. The surfaces at 32°C and 37°C, but not at 41°C, appeared to be even and smooth.
373
In the cut surface, dense and layered collagen fibers parallel to the surface were observed in 374 the superficial region at 32°C and at 37°C, but not at 41°C. The collagen fibers in the 375 transition and deep regions at 32°C seemed to be denser than those at 37°C. Scale bar = 10 376 µm; magnification, ×2000. 
